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Abstract Single nucleotide polymorphisms (SNPs) in

putative microRNA (miRNA) target sites (miRSNPs) could

affect the binding of miRNA with the target and contribute

to the susceptibility of human cancers. However, the role of

miRSNPs in gastric cancer susceptibility remains largely

unknown. Since the over-expression of B7-H1 protein has

been reported to be closely related to disease progression of

gastric cancer, we investigated the possible role of miR-

SNPs at the 30-untranslated region (30-UTR) of B7-H1 in

the risk of developing gastric cancer. In this association

study on 205 gastric adenocarcinoma patients and 393 non-

cancer controls, we found that the genotype distribution of

a common C[G polymorphism (rs4143815) was signifi-

cantly different between the cases and controls

(P = 1.32 9 10-8). Compared with CC homozygotes, GG

homozygotes and G allele carriers showed 3.73-fold

(P = 2.98 9 10-8) and 1.85-fold (P = 0.002) increased

risk of gastric adenocarcinoma, respectively. Stratified

analyses indicated that variant genotypes had a strong

association with the clinic-pathological features of gastric

cancer including differentiation grade, depth of tumor

infiltration, and tumor node metastasis (TNM) stage

(P \ 0.001). Luciferase reporter assay indicated that this

SNP might be responsible for aberrant B7-H1 protein

expression in gastric cancer by disrupting the interaction

between miR-570 and B7-H1 mRNA. These results are

consistent with our hypothesis and indicate that genetic

polymorphisms influencing B7-H1 expression modify

cancer susceptibility.

Introduction

Gastric cancer remains the fourth most common malig-

nancy and the second leading cause of death by cancer in

the world, although a steady decline in the incidence and

mortality rates of this disease has been observed in most

countries in the last decades (Parkin et al. 2005). Almost

two-thirds of the cases occur in developing countries and

42 % in China alone (Parkin et al. 2005). There is now

compelling evidence to show that the initiation and pro-

gression of gastric cancer are closely related to the cancer

microenvironment, in which the B7 superfamily co-stim-

ulatory molecules play an important role. These molecules

include activating and inhibitory co-stimulatory molecules

that positively and negatively regulate immune responses,

respectively. B7-H1 (also known as PD-L1 or CD274)

(Dong et al. 1999), one of the most important members of

the B7 superfamily co-stimulatory molecules, has been

confirmed to negatively regulate immune response by

inhibiting T cell activation and proliferation. B7-H1 was

W. Wang � F. Li � H. Zhou � J. Sun � C. Liu � X. Zhang (&)

Stem Cell Research Laboratory of Jiangsu Province and Jiangsu

Institute of Clinical Immunology, Soochow University,

Suzhou 215007, Jiangsu, People’s Republic of China

e-mail: xueguangzh@yahoo.com.cn

W. Wang

Center of Drug Metabolism and Pharmacokinetics,

College of Pharmaceutical Sciences, Soochow University,

Suzhou 215123, Jiangsu, People’s Republic of China

Y. Mao � D. Hua (&)

Department of Medical Oncology, The Fourth Affiliated

Hospital of Soochow University, Wuxi 214062,

Jiangsu, People’s Republic of China

e-mail: huadong@csco.org.cn

R. Li � W. Chen

Department of Endocrinology, The First Affiliated Hospital

of Soochow University, Suzhou 210001, Jiangsu,

People’s Republic of China

123

Hum Genet (2013) 132:641–648

DOI 10.1007/s00439-013-1275-6



also determined to affect the immune escape of cancer cells

such that many human cancer types have shown high levels

of B7-H1 expression (Dong et al. 2002). Furthermore, B7-H1

has become an indicator of poor prognosis in patients with

renal cell carcinoma (Thompson et al. 2004), esophageal

cancer (Ohigashi et al. 2005), gastric carcinoma (Wu et al.

2006), breast cancer (Ghebeh et al. 2006), ovarian cancer

(Hamanishi et al. 2007), bladder urothelial carcinoma

(Inman et al. 2007), or pancreatic cancer (Nomi et al.

2007). We also previously confirmed the wide expression

of the B7-H1 protein in gastric cancer, which was signifi-

cantly related to the clinic-pathological features including

tumor size, depth of invasion, lymph node metastasis, and

prognosis of patients (Wang et al. 2012; Wu et al. 2006).

The broad expression patterns of B7-H1 in cancer micro-

environments and its prevalence in clinical and patholog-

ical parameters in patients with cancer provide strong

evidence that B7-H1 is pathologically relevant.

It was found that the B7-H1 mRNA is abundant in many

human non-lymphoid tissues, but low or rare B7-H1 pro-

tein is observed in these tissues, excepting for activated

immune cells including T cell, B cell, and monocyte/

macrophage cells, etc. (Dong et al. 2002). These findings

indicate that post-transcriptional regulation could have a

crucial role in the control of B7-H1 protein expression.

This was confirmed by recent reports that the phosphatase

and tensin homolog/phosphatidylinositol-3-kinase (PTEN/

PI3K) pathway (Parsa et al. 2007), miR-513 (Gong et al.

2009), and miR-570 (Wang et al. 2012) played important

roles in the post-transcriptional regulation of B7-H1 cell-

surface expression.

The post-transcriptional regulation through microRNA

(miRNA) is one of the most important mechanisms gov-

erning the expression of gene. miRNA is an endogenous

non-coding RNA of 22 nucleotides, regulating gene by

pairing to the 30-untranslated region (30-UTR) of messenger

RNA (mRNA) of target gene and specifying mRNA

cleavage or translational repression (Bartel 2009). When

miRNA binds to the 30-UTR of its mRNA target with an

imperfect complementarity, the translation can be inhib-

ited. In this case, there is a reduced level of protein without

reduction in the mRNA level. The maximal complemen-

tarity is usually restricted to the nucleotides 2–7 in the 50-
end of the miRNA and this region is called ‘seed region’

(Lewis et al. 2003). If a genetic variant occurs in the

miRNA target site, the miRNA regulation function can be

affected. Several studies have identified single nucleotide

polymorphisms (SNPs), the most common genetic variants,

in the miRNA target sites are associated with the risk of

cancers (Ryan et al. 2010), including lung cancer (Chin

et al. 2008), colorectal cancer (Landi et al. 2008), bladder

cancer (Yang et al. 2008), oral cancer (Christensen et al.

2009), thyroid cancer (Jazdzewski et al. 2009), and breast

cancer (Nicoloso et al. 2010; Saetrom et al. 2009). How-

ever, the role of miRSNPs in the susceptibility of gastric

cancer is largely unknown.

Previous studies from our laboratory discovered a

common guanine-to-cytosine somatic mutation at the SNP

rs4143815 locus within the 30-UTR of B7-H1 gene. Such

mutation contributed to the B7-H1 over-expression in

gastric cancer by disrupting post-transcriptional and

translational controls mediated by miR-570 (Wang et al.

2012). Based on these observations, we hypothesized that

the miRSNPs located at the 30-UTR of B7-H1 may be

associated with the risk of gastric cancer. The present

report is a case–control study to test this hypothesis.

Materials and methods

Study subjects

A total of 598 genetically unrelated subjects including 393

healthy controls and 205 gastric cancer patients partici-

pated in this study after giving written informed consent.

They were recruited from the First Affiliated Hospital of

Soochow University between March 2007 and May 2009.

All subjects were Han Chinese and were raised in Suzhou.

They were histologically confirmed by two pathologists.

Individuals that were previously cancerous or had

metastasizing cancer from other origins were excluded.

For gastric cancer patients, the clinic-pathological vari-

ables, including tumor markers, histological type, tumor

size, tumor area, differentiation grade, depth of tumor

infiltration, lymph node metastasis, distant metastasis, and

TNM stage, were obtained from the medical records

(Table 1). None of the patients had undergone radiother-

apy or chemotherapy before surgery. The variables of

depth of tumor infiltration, lymph node metastasis, distant

metastasis, and TNM stage were examined and staged

according to the American Joint Commission for Cancer

Staging in 2002.

The controls have no gastrointestinal disorders or per-

sonal and familial history of cancers, which were traced

back C3 generations and laterally to 2nd and 3rd degree

relatives. They were obtained from the routine health

examinations for early detection of cancer conducted dur-

ing the same period as the cases were collected. They were

randomly selected from a pool of 450 individuals based on a

physical examination, and the response rate was 87 %. They

were matched with the gastric adenocarcinoma patients by

age (59.7 ± 10.9 years for controls and 60.2 ± 11.2 years

for patients) and sex (female: 25.2 % for controls and

26.3 % for patients). The selection criteria included no

individual history of cancer, and frequency-matched to

gastric cancer cases on sex and age. At recruitment,
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informed consent was obtained from each subject, and each

participant was then interviewed to collect detailed infor-

mation on demographic characteristics. The research pro-

tocol was approved by the institutional review board of

Soochow University.

Genomic DNA samples

The whole blood samples from patients and controls were

collected and stored in Vacutainer� tubes (BD Franklin

Lakes, NJ) containing anticoagulant of EDTA. Total

genomic DNA was extracted from the whole blood

according to the phenol/chloroform method. The purity and

concentration of the extracted DNA were determined by

UV–vis spectrophotometer. The extracted DNA was stored

at 4 �C in TE buffer (10 mmol/L Tris–HCl, 1 mmol/L

EDTA, pH 8.0).

Cell lines and cell culture

The human gastric cancer cell line SGC-7901 was pur-

chased from the Type Culture Collection of Chinese

Academy of Sciences (Shanghai, China). It was cultured in

RPMI 1640 medium supplemented with 10 % fetal calf

serum (GBICO BRL, Rockville, MD, USA) at 37 �C in a

humidified atmosphere containing 5 % CO2. Cells in the

logarithmic growth phase were used for experiments.

miRSNPs selection and genotyping assays

The SNPs in the 30-UTR of the B7-H1 gene were obtained

from the published databases of NCBI dbSNP BUILD 129

and ENSEMBL v58. The online softwares of miRanda

(http://www.microrna.org/) and TargetScan v5.1 (http://

targetscan.org/) were used to predict the possible miRNA

binding sites in B7-H1 30-UTR (with the GenBank acces-

sion no. NM_014143). The SNPs located in putative

miRNA binding sites were regarded as miRSNPs.

Then the genotypes of the miRSNPs were determined

using sequencing technology (Invitrogen, Shanghai, China).

The primers of 50-GAT ACA CAT TTG GAG GAG ACG-30

(forward) and 50-CAA ATA CTC CAT GTT TTA CTA G-30

(reverse) were used for amplification of B7-H1 30-UTR.

Briefly, each 50-lL reaction contained 10 mM Tris–HCl

(pH 8.0), 50 mM KCl, 1.5 mM MgCl2, 0.2 mM of each

dNTP, 0.4 lM of each primer, 0.625 U of Taq DNA poly-

merase, and 1 lL genomic DNA (*100 ng). Thermal

cycling was performed in PTC-200 Thermal Cycler (Bio-

Rad) with an initial denaturation of 5 min at 94 �C, followed

by 35 cycles of 94 �C for 20 s, 55 �C for 30 s, and 72 �C for

1 min. Final extension was completed at 72 �C for 7 min.

PCR products were used as templates for sequencing reac-

tions using BigDye terminator kits (PE Biosystems, USA).

30-UTR luciferase reporter assays

The 30-UTRs of B7-H1 mRNA (G allele or C allele for SNP

rs4143815) were amplified using the primers of 50-GGC

TAG TCT AGA TCC AGC ATT GGA ACT TCT GAT C-30

(forward) and 50-GGC TAG TCT AGA CAA ATA CTC

CAT GTT TTA CTA G-30 (reverse). They were then cloned

downstream of the firefly luciferase gene in pGL3-Control

Vector (Promega), according to the manufacturer’s protocol.

Positive clones were selected by restriction digestion using

XbaI (MBI) and confirmed by DNA sequencing method. For

luciferase reporter assays, human gastric cancer cell line

SGC-7901 was plated at 0.2 9 106 cells per well in 24-well

dishes and 24 h later co-transfected with Lipofectamine

2000 (Invitrogen), according to the manufacturer’s recom-

mendations. Each co-transfection reaction contained 200 ng

of pGL3-G or pGL3-C constructs, 50 pmol/lL of chemically

synthesized miRNAs miR-570 (Ambion) or negative control

miRNA, 20 ng of pRL-TK plasmid (Promega) that served as

a normalizing control, and pGL3-Control Vector or Lipo-

fectamine 2000 alone as blank controls. The transfected

SGC-7901 cells were cultured in optimum medium (Invit-

rogen) with 10 % FBS and 1 % penicillin streptomycin.

Each transfection was carried out in triplicate. After 24 h of

Table 1 Characteristics of gastric cancer patients (n = 205)

Characteristics Variable n (%)

Tumor markersa Normal 121 (59.0)

Abnormal 84 (41.0)

Histological type Intestinal 132 (64.4)

Diffuse 73 (35.6)

Tumor size (cm), median B5 124 (60.5)

[5 81 (39.5)

Tumor area (cm2), median B20 101 (49.3)

[20 104 (50.7)

Differentiation grade Moderate 80 (39.0)

Poor 125 (61.0)

Depth of tumor infiltration T1 8 (3.9)

T2 12 (5.9)

T3 76 (37.1)

T4 109 (53.2)

Lymph node metastasis Negative 55 (26.8)

Positive 150 (73.2)

Distant metastasis Negative 161 (78.5)

Positive 44 (21.5)

TNM stage I 24 (11.7)

II 24 (11.7)

III 52 (25.4)

IV 105 (51.2)

a The tumor markers include AFP, CA125, CA19-9, CEA, and GTM
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incubation, cells were collected and analyzed for luciferase

activity with the Dual-Luciferase Reporter Assay System

(Promega).

Statistical analysis

Chi-square test was used to evaluate differences in fre-

quency distributions of each allele and genotype of the

miRSNPs between the cases and controls. Chi-square test

was also used to assess the difference between the miRSNPs

and the clinic-pathological features. The crude and adjusted

odds ratios (ORs) and 95 % confidence intervals (CIs) were

obtained to assess the association of the miRSNPs with

gastric cancer risk using Unconditional Univariate and

Multivariate Logistic Regression models, respectively.

Hardy–Weinberg equilibrium of the genotype distribution

among control groups was tested by a goodness-of-fit Chi-

square test. The genotypes were further stratified by sub-

groups of the clinic-pathological variables. All of the sta-

tistical analyses were carried out using STATA software

(version 10.0; StataCorp LP, TX, USA), and were done by

two persons independently in a blind fashion. For all tests,

P \ 0.05 was considered statistically significant.

Results

The SNPs in the B7-H1 30-UTR in gastric

adenocarcinoma patients and controls

From the databases of NCBI dbSNP BUILD 129 and

ENSEMBL v58, we found two SNPs rs2297136 and

rs4143815 were located in the 30-UTR of the B7-H1 gene.

Using the online softwares of miRanda and TargetScan

v5.1, we found 195 miRNAs and 73 miRNAs had possible

binding sites in the 30-UTR of the B7-H1 gene, respec-

tively. From these results, we found that the SNPs

rs2297136 and rs4143815 were located in the binding sites

of miR-324-5p and miR-570, respectively (Fig. 1a).

Moreover, the SNP rs4143815 was located in the ‘seed

region’ of the binding site of miR-570. To test whether

these particular SNPs are associated with the occurrence of

gastric cancer, we performed a case–control study on 205

gastric adenocarcinoma patients and 393 non-cancer con-

trols. We typed these two SNPs using sequencing method.

The typical genotyping results are presented in Fig. 1b.

The association of SNP rs4143815 with gastric

adenocarcinoma risk

The genotype frequencies of rs2297136 and rs4143815 and

their associations with gastric adenocarcinoma risk are pre-

sented in Table 2. The goodness-of-fit Chi-square test results

showed that the genotype distributions of these two SNPs

were in Hardy–Weinberg equilibrium (HWE) for the con-

trols. Two-sided Chi-square test revealed that the genotype

frequencies of the SNP rs4143815 were significantly dif-

ferent between the cases and controls (P = 1.32 9 10-8),

but not for the SNP rs2297136 (P = 0.366). Multivariate

logistic regression analysis indicated that the individuals

with GG genotype of SNP rs4143815 were associated with a

significantly higher risk of gastric adenocarcinoma com-

pared to those with CC genotype (adjusted OR = 3.73, 95 %

CI = 2.34–5.94). Moreover, the G allele carriers (individ-

uals with CG or GG genotype) were also related to a sig-

nificantly higher risk of gastric adenocarcinoma compared to

the C allele homozygotes (adjusted OR = 1.85, 95 %

CI = 1.25–2.74). Chi-square test results showed that the G

allele frequency of rs4143815 was significantly higher

(P = 9.70 9 10-10) in the case group (60.5 %) than in the

control group (41.7 %). No significant difference in the

allele frequencies of rs2297136 was found between the cases

and controls (18.8 vs. 16.5 % for the G allele; P = 0.335).

We also analyzed the correlations between the geno-

types of SNP rs4143815 and clinicopathological features of

gastric adenocarcinoma in this study (Table 3). Strong

associations between the variant genotypes and differenti-

ation grade, depth of tumor infiltration, and TNM stage

were observed. However, we did not note the statistically

significant association of the polymorphism with tumor

markers and tumor area.

The effect of SNP rs4143815 on the interaction

between miR-570 and the B7-H1 30-UTR

We then determined the effect of this SNP on the gene regu-

lation mediated by miR-570. We devised the B7-H1 30-UTR

luciferase reporter plasmids (rs4143815 G or C allele) and co-

transfected them with miR-570 mimics in SGC-7901 cells.

pRL-TK plasmids were used to normalize the transfections.

For both constructs, in the presence of chemically synthesized

miR-570 mimics, the expression of luciferase was signifi-

cantly reduced (Fig. 2), confirming the functional potential of

the mRNA–miRNA duplex. In contrast, the negative control

miRNA with no predicting binding site in the B7-H1 30-UTR

has no effect on the luciferase expression (Fig. 2). These

findings indicate that miR-570-mediated repression is specific

to B7-H1. Furthermore, we found that the C allele resulted in a

modest but statistically significant increase of luciferase

expression compared to that of the G allele (Fig. 2).

Discussion

In this study, we speculated that there are SNPs at the

miRNA target site in the 30-UTR of the B7-H1 gene, which
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Fig. 1 The SNPs in the B7-H1
30-UTR. a The schematic of B7-

H1 mRNA harbors putative

miR-324-5p and miR-570

binding sites and two SNPs in

the 30-UTR. The SNP

rs4143815 G[C is located

within the ‘seed region’ of the

miR-570 binding site. The

sequences of miR-324-5p and

miR-570 as well as their binding

sites are shown. b The typical

genotyping results of SNPs

rs2297136 and rs4143815

Table 2 Genotype distributions of the miRSNPs in gastric cancer cases and controls and risk estimates

SNP Genotype Case,

n (%)

Control,

n (%)

P valuea P for

HWE

Crude OR

(95 % CI)

P valueb Adjusted OR

(95 % CI)c
P valued

rs2297136 AA 142 (69.3) 280 (71.3) 0.366 0.074 1 (Reference) 1 (Reference)

AG 49 (23.9) 96 (24.4) 1.01

(0.68–1.50)

0.975 1.04 (0.70–1.56) 0.846

GG 14 (6.8) 17 (4.3) 1.62

(0.78–3.39)

0.196 1.51 (0.71–3.20) 0.285

G allele

carrier

63 (24.8) 113 (23.1) 1.10

(0.76–1.59)

0.614 1.10 (0.76–1.60) 0.601

rs4143815 CC 45 (22.0) 135 (34.4) 1.32 3 1028 0.949 1 (Reference) 1 (Reference)

CG 72 (35.1) 188 (47.8) 1.15

(0.75–1.77)

0.530 1.15 (0.75–1.78) 0.517

GG 88 (42.9) 70 (17.8) 3.77

(2.38–5.98)

1.64 3 1028 3.73 (2.34–5.94) 2.98 3 1028

G allele

carrier

160 (78.0) 258 (65.6) 1.86

(1.26–2.75)

0.002 1.85 (1.25–2.74) 0.002

a Two-sided Chi-square test for the genotype frequency distribution. The significant P values (P B 0.05) are highlighted in bold
b P value for Unconditional Univariate Logistic Regression analysis
c Adjusted for age and gender
d P value for Unconditional Multivariate Logistic Regression analysis
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modulate the B7-H1 protein expression, at least in part,

through alteration of miRNA target binding capability,

ultimately leading to differences in the susceptibility to

gastric cancer. This is based on the observations from

several reports. Firstly, B7-H1 has been confirmed to

promote apoptotic death in activated tumor antigen-specific

human T cells and antigen-specific T cells in a mouse P815

tumor model, and also been identified and confirmed pro-

moting the evasion of the cancer cells from apoptosis

(Dong et al. 2002). Secondly, the B7-H1 protein has been

shown to be over-expressed in many epithelial cancers,

including cancers of the stomach (Wu et al. 2006).

Increased expression of the B7-H1 protein has been asso-

ciated with the clinicopathological features including

tumor size, depth of tumor infiltration, lymph node

metastasis, and prognosis of patients (Wu et al. 2006).

Recently, this molecule has been demonstrated to directly

participate in skin carcinogenesis (Cao et al. 2011).

Thirdly, the expression of the B7-H1 protein has been

showed to be post-transcriptionally regulated (Dong et al.

2002; Gong et al. 2009; Parsa et al. 2007; Wang et al.

2012). Fourthly, miRNAs play a critical role in the post-

transcriptional regulation of the gene expression (Bartel

2009), and have been increasingly implicated in the control

of many pathological processes such as cancers (Croce

2009). Importantly, increasing evidences have demon-

strated that miRSNPs can have detrimental effects on the

modulation of gene expression and, thus, contribute to the

differences between individuals in susceptibility to and

severity of cancers (Chin et al. 2008; Christensen et al.

2009; Jazdzewski et al. 2009; Landi et al. 2008; Nicoloso

et al. 2010; Ryan et al. 2010; Saetrom et al. 2009; Yang

et al. 2008).

We provided evidence in this report that a miRSNP

rs4143815 in the miRNA miR-570 binding site in B7-H1

Table 3 Stratification analysis of the association between SNP rs4143815 and clinic-pathological features of gastric cancer

Features CC CG GG G allele carrier

n n P valueb n P value n P value

Tumor markersa

Abnormal/normal 20/25 28/44 0.553 36/52 0.367 64/96 0.400

Histological type

Diffuse/intestinal 21/24 20/52 0.039 32/56 0.252 52/108 0.082

Tumor size (cm), median

[5/B5 25/20 41/31 0.768 15/73 0.001 56/104 0.032

Tumor area (cm2), median

[20/B20 21/24 41/31 0.219 42/46 0.541 83/77 0.323

Differentiation grade

Poor/moderate 41/4 40/32 2.53 3 1024 44/44 3.87 3 1025 84/76 4.70 3 1025

Depth of tumor infiltration

T4/(T1 and T2 and T3) 41/4 40/32 9.19 3 1026 28/60 6.49 3 1028 68/92 2.31 3 1027

Lymph node metastasis

Positive/negative 41/4 56/16 0.071 53/35 0.001 109/51 0.004

Distant metastasis

Positive/negative 8/37 28/44 0.019 8/80 0.152 36/124 0.479

TNM stage

IV/(I and II and III) 41/4 36/36 5.09 3 1025 28/60 6.49 3 1028 64/96 6.17 3 1027

a The tumor markers include AFP, CA125, CA19-9, CEA, and GTM
b The significant P values (P B 0.05) are highlighted in bold

Fig. 2 The effect of SNP rs4143815 on the interaction between the

B7-H1 30-UTR and miR-570. Relative luciferase activity in the

presence of miR-570 or negative control miRNA is shown for the B7-

H1 30-UTR with G allele and C allele; error bars show maximum

values; BC and NC represent blank control and negative control,

respectively
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30-UTR, which can affect B7-H1 protein expression by

interfering with miR-570 suppressive function, was sig-

nificantly related to the risk of gastric adenocarcinoma. On

the basis of analysis with 205 gastric adenocarcinoma

patients and 393 controls, we found that subjects carrying

the GG genotype had a greater than threefold increased risk

for developing gastric adenocarcinoma. Moreover, this

SNP was also found to be significantly related to the

clinicopathological features of gastric cancer including

tumor size, differentiation grade, depth of tumor infiltra-

tion, lymph node metastasis, and TNM stage (Table 3).

This was consistent with our previous observations that the

expression of the B7-H1 protein in gastric adenocarcinoma

was significantly associated with the clinicopathological

features including tumor size, depth of tumor infiltration,

lymph node metastasis, and prognosis of patients (Wu et al.

2006). Therefore, this SNP might be a potential hallmark of

cancer predisposition. To the best of our knowledge, our

findings provide the first evidence that whether B7-H1 gene

polymorphisms contribute to the occurrence of gastric

adenocarcinoma within a Chinese population. These results

further support the hypothesis that the miRSNP may con-

stitute a common susceptibility factor for certain cancers.

Several previous reports imply that multiple mecha-

nisms may contribute to the expression of B7-H1 protein

on cancer cells (Liu et al. 2007; Marzec et al. 2008; Parsa

et al. 2007; Wang et al. 2012). The findings from our study

support the idea that miR-570 mediates B7-H1 transla-

tional regulation. A significant decrease of luciferase

activity was detected in cells transfected with a pGL-3

control luciferase construct that contains the putative miR-

570 binding site in the 30-UTR of B7-H1 compared with

cells transfected with the control empty vector, suggesting

that a 30-UTR-associated B7-H1 translational inhibition

exists in non-stimulated cells. Furthermore, the variant

allele of the investigated SNP rs4143815 in the B7-H1 gene

may cause a loss of the binding site for miR-570. This

finding indicated that the SNP rs4143815 may enhance the

ability of B7-H1 to promote cancer cell growth, survival

and invasion and, thus, partly explain the observed asso-

ciation between the variant genotypes and the clinico-

pathological features.

As previously reported, somatic mutations from G allele

to C allele were commonly occurred at the SNP rs4143815

locus in the G allele carriers (72 of 88 GG homozygotes

and 56 of 72 GC heterozygotes), which disrupted the

suppressive role of miR-570, thereby contributing to the

development of gastric cancer by elevating B7-H1 protein

expression (Wang et al. 2012). For CC homozygotes, the

situation is different as we did not find any mutations and

B7-H1 expression in nearly all cases (41/45) (Wang et al.

2012). Low gastric cancer occurrence rate in this cohort

may be due to B7-H1 regulatory factor(s) (e.g. miR-513 or

PTEN/PI3K pathway) other than miR-570. As a result, the

higher rate of gastric cancer in G allele carriers than CC

homozygotes (OR = 1.85, 95 % CI 1.25–2.74; Table 2) is

caused by the elevated B7-H1 due to mutation that dis-

rupting the miR-570 binding.

Multiple risk factors have been proposed to play a role

in gastric carcinogenesis, such as Helicobacter pylori

infection, tobacco smoking, diet, and genetic factors

(Correa 1992; Parsonnet et al. 1991). In addition, other

factors, such as gastroesophageal reflux disease, obesity,

and certain dietary components, are also known to be

associated with risk of gastric cancer (Mayne and Navarro

2002). These factors might interact with B7-H1 genotypes

or act as potential confounders in the analysis. Unfortu-

nately, information on these factors in our case–control

study is not available. It would be interesting to investigate

the interaction between B7-H1 genotype and these risk

factors on risk of gastric adenocarcinoma in additional

studies. Moreover, without detailed information on the

survival of gastric adenocarcinoma for our study popula-

tion, our further analysis of the role of B7-H1 polymor-

phisms in cancer prognosis was prevented. Another

limitation of this study was the small sample sizes. How-

ever, our study provides the first evidence that the SNP

rs4143815 is a genetic susceptibility factor for the devel-

opment of gastric adenocarcinoma, with the GG genotype

being associated with increased risk of the cancer in a

Chinese population. These results further supporting the

hypothesis that B7-H1 may play an important role in gas-

tric cancer carcinogenesis. Continued studies will expand

on the impact of B7-H1 polymorphisms in patient sus-

ceptibility to gastric cancer from other ethnic populations

and/or other cancer types, and such study will be of con-

siderable value.
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